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--5 Claires. 
This_.invention rea_testo .£elecommunication 
,systems  .and_, !aticula;!y. o  sitçhing .SYstems 
for the establishment of intevcoçnecions betwen 
the subscribes' tations of suh  elecommunica- 
'.io ççcms. 
-e obJect, ofte vention is he attainment of 
gretlspeed in the establishment oI' connectio. 
Heretofor% particularly- in:-machineswitchg.or 
--al- tleph0ne .ystems very expensive-apparatus 
as been-:develod and used to controt--he move- 
ment öï- what,-nowmay be tezmed slow ,moving 
 mechanical elements oï.thv sytem. The present 
invention is based on the-use of switching means 
which- is. capable-oï completing .he:establishment 
--of-a-coection in. a ve small .ïraction of a sec- 
ond: ascompred to the several seconds hereto- 
fore .necessary. 
Another -object of £he .vention: is .fo pzovide 
 means- ïor switchg by the .use:of inertialess 
-.ams xther,a £hrough -£he e .o. compara- 
.GOeF .massive _meçhacal elemen. :he moye- 
n.ment of the beams .may be mde extremely rapid 
sce the beams themselves beg inertia.less may 
:.be =moved pmctically ..insantuneously .and  the 
=means :I or çdirecting the. moem.ent, ther0f. Çs, 
for .instance.by:.the movemçnt oï-.piezoelectric 
:.crFsls: may:e:ex-tremely rapid. 
.oher, object..oï the vention is to-employ 
a switching-means,  which- a urality, of Com- 
:muca-tin chaels may be estabNshéd thr0ugh 
space«:on, a  non-interfering .bas rçgadless, of 
..the fact .thatuny given estabiished channel may 
.geometrically tèrset oneor more-of the other 
..eublhed chas. 
 Stfll, another object _oï. £he vention is. fo pro- 
vide::a communication system in which the usual 
central office multiple./is .elinated, that..: one 
,..in_ ch. ech. subscïiber's le _or each ter- 
:.office trunk le_has..but .a singlc appe.arance in 
a s!tchg system. 
The. inven$ion  ts preferred ïorm discloses 
_: . systm mpl0yg vible Hght beams but coin- 
_ prehends any ïorm of raant nergF .which .may 
 controlled in the,form of beams. -e prac- 
: tiI lmi, are ïrom.beyond th lw ira-red fo 
- the  extreme ultra-olet, - terms, of frequency, 
 from  1 o o i»..cycles per second and are here 
only .Nmited by the-practical consideration of the 
 means-: ïor -control  as,:. by -way oï example,- the 
 :deions of: lens- and: oer ptical systems. 
 » Stated  otherwe, the - -invention  contemplaes 
. switchg by-means of beamsof traverse elec- 
. tromagneic waves. 
«An0thez:object of-the invention is to--provide 
   broad hand switchgsystem-or-a:system4n 
wch broad .band communication..:channels may 
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e. rapidly and econom!cally set. up. /Ag-in,the 
invention-has been disclosed;-by Wa.y,ef-exampte, 
as a telephone switching .system- but.:muy -be 
used with an : equal ïacility-ïor -.qther -turl0ses 
5 Suh s swiching--televiion-chnnels-wherethe 
broad band: ïeture  is -pÇrticlar-ly-valu!e. 
is known that- in- mechanicaL switching.-systems 
.the breadth of the ïrequency..band employed.is 
 limited - by c0nsideratiens-.o-cross-talk..The..use 
of/beams which ae non-inter-er4ng even though 
-they maF -inters.ect inthe geemetrieaLsense:is.a 
-deir.ble ïeature ,for -this pu-pos e. 
-It is- fo be noted,:that a- commun.ication, channel 
-using a radia.nt,enezgY beam-4s-npt limited..in the 
]5 -brèadth oïabandthat-maybetsnsmitted assis 
-the. çnvetinalpr- oï--wires.  I-is-.well. known 
that  ,bands .,-of.megacycle width-.must ,be -.chan- 
'nel-led,.oçer.»ceax.iaL conductors .and..ev.en. wave 
.guides and  in- sCh cases the..switching. problem 
20 becomes:t.ifllcult and-expensive. -The beam,.how- 
ever,-is nêt: s>limited-and-,wfll transmit. without 
 any Serious atenuation, any.wideband 0ver.hich 
it may be modulated. 
 -The. 4vention consists -, oï - a  beam--switcling 
25 system- and :is.centered about-the- use..of retr.o- 
divective epticalmeans having, the ,unique prop- 
 . erty oî-projecting the veflected-beam .back.on 
 exact 4ine- over .,which ..thon..beam=.reached :this 
opticaL.deice-.so'=that .a: communication, channel 
30" £or .tvo-vay...signalling may «,be..estublished:=in 
..space ovel:,asCgle :geometrically- straigh=12ne. 
:,Inaccordsnce..with,this invention a covner.:re- 
 .flevtor. isemployed which .may- be :.defined. as_ a 
 .device-consisting -of «th.ree. intelsecting._ and«mu- 
S5 ,.tually,,perpendicular,.reflecting surfaces. : %ho ,in- 
vention, -however, ,is .not !imited £o..this par£icu- 
--lar -form,-of.-.optical,:devile-b.ut. comprehends:.the 
.use..of.- any retodiective. refiec%or, such,,:.fer: in- 
= stance,, as.the deice known as, a '-'_ct's eye.": This, 
EE0 = as -is well.known,- consists,of, a: surïace. for. receiv- 
=-ing.:..a=light,,beam _which .is urabolic: in,. contour 
andis'..backed .-up ,by= a spherical surface: placed 
ai the exact.focal .length of:the, paraboloid:here- 
-...by. a beam .-f.rom any::direction np!nging .Upon 
4: the ..parabolic:sufface, wfll«/be xeflected: rom.he 
-r.ea sphericaL:surface .:back:.Çn::the.exact line 
,:oer =:which,=. it ,,.reached ,the .parabolic,, surplace. 
:.Vghm'eas.a:plane reflec.ting surïace ill. o.nly:re- 
-fiect a' .beam back. qn«itselfilï:m the:.eni_th,:.the 
50 - -retrodiective r_eflector..wil[.so reflect; a:bcam from 
  a.-widedevistion.iherefrom/ 
.,A _switching :sYstem .is:-,then.. ç0nst_uct_d::bY 
 mounting .on,a..surface a.large:.rumberïof-.coner 
 refieCtors,,.one-associated..with ,..each: suscrib_er's 
55:.line. : In. a ioreïerred embod'..unent .of: .the: inyen- 
tion the pyramidal tip o£:.each:.(w_here.such.:cor- 
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ner reflector is constructed 
glass or other transparent material having the 
three mutually perpendicular surïaces ïashioned 
thereïrom) may be truncated so as to pass there- 
through a ïraction of the beam directed thereat 
and a beam sensitive device mounted on or at 
this truncated point so as to translate beam 
variations into electrical signals ïor transmis- 
sion to the associated line. Where the corner 
reflector is constructed oï solid transparent ma- 
terial the ïront surïace thereof, a plane surïace 
substantially normal to the zenith line oï such 
reflector, must be coated so as to be non-reflect- 
ing whereby all the light directed toward the 
corner reflector surfaces may be allowed to reach 
them and none dissipated by reflection ïrom the 
other surïace o the device. Alternatively a 
"window" may be otherwise ïormed on one or 
more oï the surfaces near the intersection there- 
oï, particularly where the corner reflector may 
be ïormed oï mirrors. In arly case, a îraction 
of the light beam directed to the corner reflector 
falls upon a beam sensitive device so that such 
beam as modulated at the distant end may trans- 
late the modulations thereoï into electrical sig- 
nais. 
A beam controlling device may also be placed 
beïore said corner reflector so as to be in the 
path of a reflecting beam. This device being 
also connected to the associated line would trans- 
late electrical signals transmitted over said line 
into beam variations. Ata distant point there 
will be a plurality of beam producing and beam 
directing devices with beam controlling and beam 
responsive devices connected to other lines there- 
at. Any one oï such other lines may then signal 
control to its beam directing means and by thus 
pointing a beam to a selected one of the distant 
corner reflectors immediately establishes a con- 
nection between the line associated therewith and 
the said other line. 
One simple arrangement of these means may 
consist oï a single telecommunication exchange 
in which each line has an appearance in a cor- 
ner reflector atone end of a room and in beam 
directing and translating means ai the other 
end o the room. The appearance in the corner 
reflector would be termed the called line appear- 
ance while the appearance at the other end of 
the room in the beam directing means would be 
known as the caliing line appearance thereof. 
In another arrangement, each line may have 
only a single appearance at which end would be 
ïour elements. First, a corner reflectm'; sec« 
ond, a beam directng means; third, a beam 
sensitive means; and fourth, a beam controlling 
means. In this arrangement, each of the units 
ïor all of the lines would be mounted on a single 
wall and the beams produced would be directed 
toward one oï the other lines through the use of 
a mirror at the other end of the room. 
In another arrangement, all the lines of an 
exchange would each have a single appearance 
in the combination of a reflector, a beam sensi- 
tive device and a beam controlling device on a 
single wall of the line. Ai the opposite wall 
thereof there would be a plurality of link cir- 
cuit terminations each consisting of a beam 
recting device, a beam sensitive device and a 
beam controlling device. These link circuit ter- 
minations would enter a circuit arrangement 
whereby connections could be established between 
thevarious lines of the exchange and the various 
link or trunk circuits. 
In another arrangement, the link circuits 

would each have a pair of beam directing devices 
and their associated beam sensitive and beam 
controlling devices so that a connection could 
be established between two o; the lines oï the 
5 saine exchange over two beams directed ïrom 
a single link circuit termination. 
A ïeature of the invention is a switching sys- 
rem in which a ]ight beam having ]ight directed 
in both directions along the saine straight line 
10 is nsed as a two-way communication channel 
and having means atone end thereof to selec- 
tively direct said beam to any one of a plurality 
of communication channel terminations, and 
means at said selected termination to reflect the 
15 said beam back on itself. 
Another ïeature of the invention consists of 
means at each end of a two-way light beam 
to absorb a fraction of the incoming beam by 
translating means for producing signals there- 
20 ïrom, and means to modulate the outgoing beam 
to transmit signals over said light beam to the 
other end thereof. 
Another ïeature of the invention consists in 
the use o. a corner reflector having a truncated 
25 pyramidal tip in the rear oï which is placed 
an outgoing beam directing means and an in- 
coming beam sensitive means in combination 
with a modulating means for affecting the out- 
going beam whereby all ïour elements necessary 
30 for a two-way light beam communication system 
are located atone point. 
Another feature oï the invention consists .in 
the use of electroresponsive means for rotating a 
5 pair of mirrors to direct a light beam over a 
coordinate array of receiving points each of 
which employs a corner reflector to reflect the 
light directed thereto back on itself over the 
saine geometrically straight line. In its pre- 
0 ïerred form piezoelectric crystals are disclosed 
as a practical and economical means for this 
purpose. 
Another ïeature of the invention is a means 
ïor establishing a plurality of connections over 
45 straight lines in space without interference 
where two or more of such lines may intersect. 
Where cords are used for making connections 
to a great array of lines terminating in jacks 
the confusion and tangle of a large number of 
50 cords used simuitaneously poses a mechanical 
problem involving cord construction, insuiation, 
etc., to withstand the mechanical interference 
of the cords. In the present arrangement, there 
is no mechanical or other interference between 
55 the beams even where a direct or geometrical 
intersection of the beams takes place. 
Another feature of the invention is a means 
for simultaneously establishing a plurality of 
connections to a single line whereas there will 
60 be means provided in such a beam switching 
system as disclosed herein to normally prevent 
the establishment of more than one connection 
to a line at a time, that is, the usual busy test 
functions and means will be provided. There 
65 will also be the means ïor establishing what are 
known as conference connections whereby sev- 
eral lines may be connected together simulta- 
neously. Such connections are feasible when 
several light beams from different sources are 
70 simuitaneously directed at the saine corner re- 
flector, ïor the corner reflector itself is capable 
of simultaneously reflecting an inflnite number 
of light beams each back on itself from an 
flnite number of distant sources. 
75 Another feature of the invention is a system 



--including a liht beam- established between  two 
corner reflectors, one at-either end of the beam 
,wherby.-multiple reflections on a .single straight 
.il:ne .may be employed. 
-.Stfll another feature is a system including a 
plurality of lines and a plurality .of trunks with 
-a light'beam source' and a beam director per 
:trurik. Thistrunk may end, àt a distant point 
-in:-asingli .arrangement or in some other more 
-conventional arrangement. In accordance with lO 
rthis feature but-a single light beam per trunk 
termination is employed. 
Other features will appear hereinafter. 
-The«drawings consist Of nine sheets having 
- eleven figures- as .follows: 
:Fig. 1 is a. schematic showing one switching 
plan-and illustrating:.the principle of the inven- 
tion; 
::ligs.--2 fo .5 arranged, as shown in Fig. 10 con- 
stitute a. circuit diagram showing one embodi- 20 
ment of the:arrangement illustrated in Fig. 1 
and in which Fig: 2 shows the line circuit, Fig. 3 
shows the light beam terminating arrangements, 
Fig. 4 shows the beam positioning circuit in the 
 common control circuit and Fig. 5 shows the 
-number group device in the .common control 
-'device; 
 Figs. 2, 4, 6 and 7arranged as indicated in 
Fig. 11 show a:simflar circuit diagram as a var- 
iation Of the arrangement shown in Figs. 2 to 
 5 and inwhieh Fig. 6 sh0ws the light beam ter- 
- minating arrangements ard Fig.  shows an elec- 
-tronic .number group device -in'.the common con- 
trol; 
,  Fig. 8 is a schematic similar to that shown in 
Fig. 1 whereby connections are established by 
means of link circuits; 
Fig. 9 is another schematic simflar to that of 
Fig. 1-showing a plan wherebyconnections are 
'set up by apparatus individual to the .sub-40 
scibers' lines through aqîght beamreflected by 
a plane mirror from one line appearance to 
 ano-ther; 
Fig. 10 is a block diagram showing how 
,2-to 5 may be arranged; and 45 
.Fig. 11 is:a block diagram showing how Figs. 
- 2;4» 6-ar/d 7 may be arranged to provide a com- 
plëte circuit diagram. 
The broad outline of the telecommunication 
switching system using light beams as part of 5O 
-the tglking path is set forth herein. The es- 
-sential parts of the switching means are a light 
beam, modulated and directed toward a retro- 
directive mirror (or corner reflector). Asso- 
- ciated with each corner reflector is a photode- 
tectorand a modulator. This medulator im- 
-presses a signal on the reflected beam which 
signal is then transmitted over the beam fo the 
distant selected point. Another photodetector 
-mounted in close proximity to the light source 60 
detects the signals on the reflected beam. By 
directing one light beam toward a selected one 
" ofa plurality of retrodirective mirrors and there- 
by-éflecting the light beam back on itself, two- 
-way:communicatiòn may be established. 
Several switching planSusing the light beam 
 talking paths are herein set forth. The loca- 
tion Of the beam directors and the light sources 
With respect fo the retrodirective mirrors is the 
distinguishing feature of each of these arrange- 70 
ments. 
.() -T.he arrangement shown in Fig.  is one 
dri,...vhich each line appears in a retrodirective 
 mirr0r w, ith: its :, variOus=:,contro]ling, devices  so 
- thata.conneCtion may be .Set:up by a:lightb.eam 

Iirectedthe1,eto,::eï:ther fr0m andricOmlng,-trunk 
appearance :or: an-outgoing:tr-unk .ppeararice; 
 (b) -The arrangement shown in Fig. g::isï one 
in which link: circfiitsare:usd,.'eäch::havig:an 
incoming and- anoutgoing: termial: bY me :of 
which a light beam may be dected to wo;/lie 
appearancesthezeby.inteconnecti the two:and 
establishg communicati0n:: between/them; - :and 
(c)-The arrangement :hown ïn :Fi-g. ::9 
another- variation  by mens of-w-hich..each:_lie 
appearance has ail .of the:elements necessaryïor 
 establishing intezcommication by- light:beams 
so- that a calling :: line may: select, any::ona, oï, a 
number 0f other.lines by.dizecting=alight beam 
toward the line.appeazance:oLthe:other.re - 
flected by a plane mirror:at .the end:0ï a switch- 
ing: room.  " 
-By way of example/-the line,,äppearancés,:that 
is,- the retrodirectiye mirroz and'the 0ther;con- 
tro!ling devices may be -mountéd :on: one 
of what may .be-tezmed:a .switching:room :T, he 
apparatus for ech -line .weuld .occupy about. a 
2-inch square .so that:an array:of 100 x :t00  to 
make a 10,000 -lineexchangeould flll a::wll 
feet square. .Tr-unk appeazances .of a lesser:mum- 
ber, say 10 per cent of thisïwould be mounteoE.on 
a parallel wall distant about 70-.ïeet. These .di- 
mensions- are by way of example only, and, may 
be varied for different purposes. 
In g. 1 two of 10,000,subscribers/stati0 
and 2 are shown..The substation $. is, numbered 
0000 nd the substation 2is,numbered 9999, it 
being understood that the other substations 6f 
this system have other numbers between these 
two limitg values. - Each line. extends fmm the 
premises of a.subscziber to the central office over 
a two-wire line own as the tip and ring and 
each has its own line circuit.such  thecircuits 
$ and , respectively. 
The switching room 6 is  shown as-a large 
broken le rectangle. Within this switching 
room and at the left-hand wall thereof the line 
appearance  for the substation - Sand the .line 
appearance ï for the substation 2 are-shown. 
At the other end of the room, incoming trk 
appearances and  and outgoingtrunk appear- 
ances  and   are shown. 
The subscriber at substation $ may through 
his control of the common control circuit  
cause a coection to be established between the 
le appearance S and the trunk ppearance  
for the outgoing trunk $ extenng to some dis- 
tant point. In a similar mater a call coming 
in over an incoming trunk  may through the 
use of the common control circuit 2 cause a 
connection to be established between the trk 
appearance 9 and the line appearance ï. The 
establishment of these connections consists 
sentially of the direction of a light beam from 
the trunk appearance either incoming or outgo- 
ing to the retrooErective mirror in the line 
pearance. The details of these devices .are 
shown and explained more fully hereinafter. 
In Fig. 8 a somewhat similar arrangement is 
shown. Here the subscribers' lines  and 
with their associated line circuits   and fS, re- 
spectively, and their associated line appearances 
9and 2; respectively, may through the use of 
the common control circuit 2 establish light 
beam coections between the various sub- 
scribers' circuits. For instance, the subscriber 
ai substation  through the use of the common 
control circt 2 may control the link 22 so that 
one light beam will be established between the 
..tru appearance.2$ and the le appearance 
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of the calling line and another light beam be- 
tween the trunk appearance 24 and a selected one 
of the lines to which a connection is desired, 
whereby communication may be established 
tween substation 15 and the said selected sub- 
station. 
In Fig. 9 another general outline plan is dis- 
closed. In this the substation 25 is connected 
through a line circuit 25 and thence through a 
hybrid coil 27 having a transmitting device 
mounted on or associated with one of the plane 
surfaces of a retrodirective mirror and a receiv- 
ing device 29 similarly mounted on or associated 
.with another of the plane surfaces of the retro- 
directive mirror. Associated with this line 
pearance there is a lamp 38 shown as a source 
of light with a lens 31 to create a beam which will 
then be reflected by two mirrors such as the 
mirror 32 mounted on a member 33 which is 
capable of a small movement so that when two 
of thesé mirrors are each moved the light beam 
may be directed in any desired direction. In 
Fig: 9 such a light beam is indicated as being 
directed to a plane mirror 34 and reflected 
therefrom to the retrodirective mirror 35 as- 
sociated with a selected subscriber's line 35. 
Each line, such as the lines 25 and 35, may 
through the use of the common control 37 cause 
the appropriate movements of the devices such 
as 33 to move the mirrors such as the mirror 
to direct the light beam as desired. 
In each of these devices or plans, communica- 
tion from one station to another is effected 
through the modulation of the light beam at the 
originating end and the detection of the modu- 
lated light beam and the translation thereof at 
the other end. Many well known and conven- 
tional components can be used for these purposes. 
LINE AND TIUNK APPEAIANCES 
A. The line 
The line appearance shown in Fig. 3 consists 
of a lens system shown herein as the lens 4{} and 
the lens 41 fo collect the incident beam from a 
distant source and eoncentrate a parallel beam 
upon the corner reflector 42 behind it. The 
lenses are coated to minimize optical reflections 
and are of short focal length so that what little 
light is reflected will be widely scattered to reduce 
optieal eross-talk. A shutter 43 operated by a 
solenoid 44 mounted behind the lenses operates 
when the line is in use and permits light fo pass 
through the modulator 45 and fall upon the 
corner reflector which is here shown as having 
a photodeteetor 48 mounted ai its truncated ver- 
tex. The photodetector 48 and the modulator 
are connected to the lines 47 and 48 through a 
eonventional hybrid coil 49, the photodetector 
acting as a receiver o£ incoming signals and the 
modulator acting as a transmitter of outgoing 
signals. 
Since each line appearance is part of a two- 
dimensional array, the line circuit (Fig. 2) iden- 
tifies its appearance by two voltages correspond- 
ing to ifs coordinates in the array. Whenever 
the line circuit is energized, this information (or 
the two said voltages) is used to direct a light 
beam upon the line appearance in question. In 
the absence of a metallic path between trunk and 
line, supervision is maintained b the presence 
of the light beam. The change from "dark" to 
"light" carrent operates a light current super- 
visory reluy (LCS). This dissipates a fraction of 
the signal received by the photodeteetor but this 
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loss may be avoided by some conventional form 
of trigger action circuit. 
Each half of a connection in the originating 
and terminating offices is held up by the local 
5 substation circuit. At the termination of the 
connection when the line is released by the hold- 
ing subscriber the shutter 43 in the line circuit is 
released and the shutter closed, thereby releasing 
the light current supervisory relay in the trunk, 
l0 thereby restoring the trunk to normal. The 
ringing arrangements are local fo each line cir- 
cuit. 
The connection between the line appearance in 
Fig. 3 and the line circuit in Fig. 2 is as follows: 
15 The lines 47 and 4 derive talking current 
through the windings of a line relay 58 from a 
source of battery and ground and extend through 
the back contacts of the ringing connect relay 
51 to the substation line. When the subscriber 
20 thereat makes a call he line relay 5{} will be 
operated and will establish connections which 
will be more fully described hereinafter. 
When the substation 52 is selected to bave a 
connection established thereto then the ring con- 
25 nect relay  will be operated and will connect 
the line conductors through the windings of the 
ringing trip relay 3 to a source of ringing cur- 
rent in the conventional manner. When the 
called subscriber answers the ringing trip relay 
30 53 will operate and by removing a ground con- 
nection fo a holding circuit, of the ring connect 
relay will allow this relay to release and establish 
the connection fo the lines 47 and 48 and thence 
through the hybrid coil 49 to the various devices 
5 for establishing the connection over the light 
beam. 
B. The runlc 

The trunk appearance shown to the right in 
46 Fig. 3 consists of a light source 55 and a lens sys- 
rem consisting of the lenses 5 and 57 designed 
to form a parallel light beam of spot size, less 
than an inch in diameter at the line appearance. 
Due to the unavoidable divergence of a light beam 
4 the light source, real or virtual, must be small 
(for example, hot larger in diameter than .005 
inch). The light beam passes through a modu- 
lator 3 and falls on the beam directors 59 and 
6}. These are two mirrors mounted at right 
50 angles to each other, one rotated in azimuth and 
the other in altitude. Voltages applied to their 
deflecting elements 6 and 62 determine their 
angular position and the location of the light 
beam on the line appearance fleld. The deflect- 
,55 ing eiements  and 62 may, by way of example, 
be piezoelectric crystals. The beam directors 
may be locked in place, once deflected, by a sole- 
noid operated clamp. Thus a solenoid 53 con- 
trois an element  in such manner that when the 
6o solenoid is energized the element 84  will firmly 
push aainst the end of the beam director and 
hold it in the position to which if bas been moved 
by the electrical potentials applied. A photode- 
tector 5, placed in close proximity to the modu- 
65 lator 3, intercepts a portion of the reflected light 
beam from the selected line appearance and 
detects the signal thereon. A hybrid coil 55 con- 
nects the modulator and photodetector fo the 
trunk represented by the trunk conductors 5 
70 and 68. 
An idle outgoing trunk circuit is seized in a 
lock-out circuit by flring a trunk tube 59 through 
the number group as will be explained more fully 
hereina£ter. The location voltages of the line 
75 appearance fo hich a connection is fo 'be es- 
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tablished are applied fo .position the beam direc- 
for.. A rime delay is,inserted so that the !ight 
beam is produced .aïter. the beam directors have 
come fo rest and the light beam does hot sweep 
over undesired line appearances. When the re- 
fiected-beam is detected the "light" current oper- 
ates the trunk supervisory relay 18 fo complote 
the trunk circuit connection. 
An incoming trunk herein indicatsd by the 
broken line rectangle 1  has those ïeatures oï the 
line circuit used ïor initiating calls and is .con- 
ventional except ïor the arrangements shown and 
descri'bed in connection with the outgoing trunk 
.appearance. 
THE COIVIMON CONTROL 
The common control shown in Figs. 4 and 5 
transmits positioning voltages from the line to 
the trunk circuit and checks to see that a con- 
nection has been established before releasing. 
For the sake of simplicity it may be assumed 
that each subscriber is. provided with a preset 
dial arrangement which will supply the .dialed 
digits to a register within the .common control 
circuit at a rate fast enough to avoid the com- 
plications necessary in systems where the hold- 
ing rime of the common control necessitates a 
plurality of common control devices and the allot- 
ring means therefor. The register herein shown 
in the rectangle 7 upon receiving the sinals 
identifying the called line consults a number 
group device which tests for a busy or idle con- 
dition. Ai the completion of this test the com- 
mon control has been connected to a trunk  and 
the.vertical and horizontal voltages are applied to 
the-7oeam directors of that trunk. The beam is 
accurately centered apon the retrodirective mit- 
for in the line appearance by the beam posi- 
tioning circuit. The common control thon sends 
a clamping signal to the tr.unk to hold the beam 
directors locked in place. The common control 
thon cetires. 
The device shown-in Fig. 5 is a conventional 
relay arrangement whereby digits transmitted by 
a calling line and registered in the register 7 
may be used to select a trunk charactm'ized by 
a three-digit number, as by wa.y of example, one 
leading to a particular exchange characterized 
by such three-digit-number. The said number 
group consists essentially of a set of units,, tons 
and hundreds relays individual to the register I  
by means of which corresponding three common 
leads may te electrically affected to select a 
trunk or some other facility characterized by 
such -nurnber. 
Beam positioing circuit 
When an idle circuit, vhether it be a desired 
tr.unk, line or busy tone trunk, bas been selected, 
then the beam positioning circuit of Fig. 4 comes 
into-operation and centers the beam produced 
and controlled by the selected .circuit on the 
retrooErective mirror of the calling line. A series 
oï signals applied fo the V (vertical) and H 
(horizontal) tubes-causes them to pass current 
through the V and H resistors in the line array 
multiple thus controlling the defiecting voltages 
by-means of the I1 drop. At the end of its 
cycle of operation, the beam positioning circuit 
applies a clamping voltage to the beam directors, 
thus completing the duties of the common con- 
- tr01. 
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FUNDAMENTAL OPERATION IN ESTABLISH- 
ING. A CONNECTION 
A calling line or trunk seizes a common control 
and then transmits into a register therein an 
5 identification of the called line or trunk. The 
common control thon causes the line or trunk 
appearance which bas the beam estblishing 
means to establish a beam and to then direct, if 
10 to the otherappearance which supplies the iden- 
tifying beam directing voltages, the common con- 
trol acting to modify such voltages.sufliciently,to 
accurately position the beam. 
The various line and trunk appearances are in 
15 groups and the appearance in each group is .in 
what is termed a lock-out relation to the others 
so that only one at a rime may be served by 
the common control. The lock-out circuit, fun- 
damentally, is disclosed in Patent 2,326551, 
0 granted August 10, 1943 to M. E. Mohr. 
Let us now trace the operations in the estab- 
lishment of a connection from substation 
the outgoing trunk circuit over conductors 6l.and 
8. The subscriber in initiating a call estab- 
5 lishes a,conventional substation network through 
which suflicient current will fiow to operate: the 
line relay-8. When the common control is free, 
positive battery 12 wfll be connected through 
the back contact of the main anode relay'7$, 
0 through the winding of RS relay 1, conductor 7, 
resistor 76 to the main anode 17, of tube 18. The 
operation of relay 8 bas connected positive bat- 
tory potential over the back contact and-arma- 
ture 2 of the LCS relay 78 to the start gapanode 
 8} of the tube 18. If the potential of the start 
gap cathode 8, connected in common with other 
tubes- in this group to the inductance: 2 bas hot 
been raised too high by reason of the busy condi- 
tion of another tube of the group then the ube 
0 will be fired at this start gap. Assuming: that 
the common control is free as stated and. that, 
therefore, the positive potential from the battery 
72 is connected to the main anode 11, the firing 
of the tube at the start gap will now be trans- 
45 ferred to the. main gap so that current will flow 
from the positive battery over the main anode 71 
to the main cathode $ through the armature  
and back contact of the LCS relaY 18, the winding 
of the CC relay 84 to ground. Relay '8 is.em- 
50 ployed for effectively connecting the .line circuit 
to the common control for an instant duri-ng 
which the number of the called line. is trns- 
mitted to he register, the beam established ai 
a selected outgoing trunk appearance and. the 
55 beam positioned by the common control circuit. 
A connection from the tip of the line is..made 
over armature 2 and back contact of the'RC 
relay 5, armature 2 and front-contact ofthe CC 
relay 8, the tip wire 8 to the register 7. A 
60 connection from the ring conduct, or ofthe line 
is similarly ruade over armature  and back con- 
" tact of the RC relay , armature  and-front 
contact of the CC relay 8, conductor 86-to-the 
register 1 . The register 7 ! is conventional, and 
65 will respond to signals sent from the substation 
2 to register at least a portion of the identifica- 
tion of the called line. In the present case, the 
register ] is shown as a means for operating the 
number group consisting of the ten units,, the 
70 ten tons and the ton hundreds relays for electri- 
cs, lly characterizing three conductors leading, to 
s trunk tube 69-for selecting the corresponding 
 outgoing trunk. The register 7 is indicated as 
having control over a connecting relay 81.so that 
7 if the UO relay 8, the TO relay 89 and the:HO 
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relay si] have been operated then the three con- 
ductors ]eading to the trunk tube 69 will be 
affected. The start electrodes of other trunk 
tubes may also be affected but the trunk tube 69 
is the on]y one vhich will bave all three so 
affected and, therefore, is the only one which 
may be rired to establish a current from ifs main 
anode toits main cathode. 
The number group controlled by the register 71 
will attempt to seize the called trunk and will 
report the busy or idle condition to relays asso- 
ciated with the number group at this rime. The 
operation of the trunk tube 69 is as follows. 
There is a start cathode 93 connected to the units 
wire and a start anode with a short gap to the 
start cathode connected to the hundreds wire. 
If this Tires, then the secondary start anode 6 
connected to the tens wire will become effective 
and wili take over the current riow in this gas 
tube so that the electron stream in the tube is 
transferred ïrom the htmdreds to the tens wire. 
If the trunk is idle then a current flow wil] be 
established between the main anode 97 and the 
main cathode 98. Under this condition there 
will then be a current riow ïrom the main anode 
97 to the main anode 98 and a smaller current 
riow from the main anode 97 to the start cath- 
ode 93. There will also be a small current from 
the secondary start anode 98 to both the main 
cathode 98 and the start cathode 93. However, 
if the trunk is busy, then the potential of the 
-main cathode will bave been raised to the point 
-where no current riow will be established from 
the main anode to the main cathode and hence 
-the current stream from the secondary anode 
96 to the start cathode 3 wi]l persist and be of 
.a volume great enough fo operate the busy relay. 
These operations may be followed in the cir- 
cuits of ligs. 3 and 5 as îollows. Upon the op- 
eration of the connecting relay 97 a circuit will 
be established for the momentary operation of 
the relay 91 during the charging period of con- 
denser 94. During the interval that the relay 
91 is operated, ground will be connected through 
armature I and front cont.act of relay 91 through 
the armature and front contact of the UO units 
relay, 88, thence to the start cathode 93. At the 
same rime positve battery will be connected 
.through the front contact and armature 2 of 
 -relay 91, the armature and ïront contact of the 
HOhundreds relay 98 to the start gap anode 92. 
-Aguin, simultaneously, positive battery will be 
 connected through armature 3 and the .front 
contact of the HP relay 91, the armature and 
front contact of the TO tens relay 89 to the sec- 
ondary starting anode 96. If the trunk is idle 
. then the ionization within the tube caused by 
the current riow ïrom the secondary anode 96 
. to the start cathode 93 will break down the main 
gap of the tube so that current will riow now 
from positive battery, the back contact and arma- 
ture of the main anode relay 13, the main anode 
97, the main cathode 98 through the armature 4 
and back contact of the TLS relay 78, the wind- 
. ing of the TC relay 99 fo ground. 
In case this trunk were busy such condition 
would be denoted by the operation of the TLS 
. relay 78 so tht the cathode S8 instead of being 
connected through armature 4 of the TLS relay 
to a ground connection as just described would 
 instead be connected to a positive battery con- 
" nection so that the gap will not break down. In 
this case, the action of the relays 95 and 188 
should be noted. If the trunk is properly seized, 
then upon the deenergization of the relay 9| the 
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relay 95 will operate but the relay i88 wïll not 
be affected because the current riowing from the 
secondary anode 96 to the main cathode 99 will 
be insuriicient to operate this relay. Under this 
 condition the conductor 182 wi]l be grounded 
for a purpose which will be shortly described. 
If, on the other hand, the trunk is busy then 
the main gap does not break down and current 
will riow ïrom positive battery through the wind- 
l0 ing oï the relay 188,.the armature and front 
contact of the TO tens relay 09, the secondary 
start anode 90, the start cathode 93, the front 
contact and armature of the UO units relay $$, 
the winding of the relay 95 to ground. There- 
15 fore, both relays 95 and 188 will operate and will 
act together to ground the line 1Si leading to a 
busy tone circuit. 
Any conventional means in this connection may 
be used, such ïor instance, as a busy tone relay 
20 per line associated with the line relay 58 which 
could be operated through the contacts of the 
CC relay 04 and remain locked in until the call- 
ing subscriber recognizes the busy tone and 
hangs up. 
25 A more economical means, however, is indi- 
cated in the drawings as consisting of another 
circuit similar to the outgoing trunk appearance 
shown in Fig. 3. In such a caoe where the trunk 
tube 69 bas ïailed to rire because the associated 
30 circuit is busy the conductor 181 will be grounded 
and this will extend to a start cathode of a tube 
in the busy back appearance 1}3 so as to seize 
such a busy tone circuit. This circuit will then 
establish a beam and position if in the saine man- 
35 ner that the beam from the circuit shown in de- 
rail is positioned and which wi]l be described 
shortly. In such a busy tone trunk the tip and 
ring line conductors similar fo the conductors 
61 and 68 will in this case extend fo a source of 
4 busy tone I 
Let it be assumed that the outgoing trunk cir- 
cuit shown in detail in Fig. 3 is idle. Therefore, 
when the trunk tube 69 rires, a circuit will be es- 
tablished from the main anode 91 through the 
45 main cathode 98, the armature 4 and back con- 
tact of the TLS relay 78 fo the winding of the TC 
relay 99 which thereupon operates. During the 
short interval over which this circuit is estab- 
lished the presence of the common inductance 
50 185 and the resistance 186 in the circuit of the 
main anode acts fo depress the potential on the 
anodes of other tubes connected in plurality 
ther.ewith and to, therefore, effectively lock out 
any other tube than the one now in operation. 
55 The trunk connector relay 99 in operating.ex- 
tends ground through its armature 2 and front 
contact through the thermistor 167 fo the lamp 
55 representing a source of light to establish the 
beam. The thermistor 181 is a device which ini- 
60 tially bas high resistance but which due fo the 
current riow and the consequent heating thereof 
will lower ifs resistance. Therefore, the lamp 
will not corne up to fu]l brilliance immediately 
thereby avoiding the sweeping of a light beam 
65 over other line appearances during its establish- 
ment and positioning. 
The trunk connector relay 99 also connects 
through ifs ïront contacts and armatures 
the two beam positioning devices 02 and 6 I, re- 
70 spectively, and thence over the conductors 
and 189 to the beam positioning circuit in Fig. 4. 
At the saine rime the control connector relay 94 
in Fig. 2 bas connected taps for the horizontal 
and vertical voltages fo the conductors 185 and 
75 189. The taps for supplying these voltages are 
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slon as: coming ftom  precision: battery' which. 
means that- they-are' comected :fo =predetermined 
voltge- points- supplied by- a- battery -w-hiCh is 
m,int,ied very .precisely.. 
It-:may :,be noted'. at:this point that: the.. leam 
wlïiCh".ls: established:at  each trUnk: appèarance 
wtll:lCositioned:accuratel/ at-the conter:of the 
fiëld«whenboth  of»the-beam positioning.devies 
are-, in their normallY unoperated positionsi 
TIierefire;. tlïe :beam m.ay,be moved horizontally. 
to anFone of fifty.positions t0ward.the .right 
alternatively to-any one of the .fifty positïons- t0- 
ward the left. Similarly,. the. bea.m  ma,y, be 
moved  by «the  other ,beam directr  to.any one of 
fift positions bove or.alternativety:to.any one of: 
ffftY positions below its, normalposition . Each 
linê«circuit-thèref0re» is connectëd to a pari" 
precision battery,leads of the proper polarity«and 
magnitude.to move the beam of a distant trunk: 
appearace.' tòü the- line appearance--associated 
therewith: 
DUe. fo thegroundingoï the c0nductor. 2 
the:pplication of: the-precision battery voltages 
fo, conductors  O and  9- the beam  will be-dik 
rected oward=the line appearanceasindicatedin 
Fi'ff- 3:even .though the,beam -may not, yet be  
tàblishedin all of its brilliance. 
The  beam . positi0ning circuit of  Fig. 4 is 
means;fòr accuxately centerLug, thebeam fwhich 
isoEZansmitted, frbm the -tru]k appearnce ol the 
liie appearuncein Fig. 3: Asthe-beamstrikes the 
lineappearance-.then the photodetect0r  be  
comes-active-and .the cuï'rentflow therethrough 
nd -thence through theresistane   9; the.wind 
inff Of- th.LCS retaF  9 hrough tle-front contat 
and armature-ç :of the line relay 5 't0gTound in 
creases: The-leàd connected to the armature 
and"fr0nt -contact of:the CC retay :8 'and.thence 
over: condfictor     therefore, carries af p.otential 
meïstred,by the II%drop which is the prOductof 
tl-e,currentfiowin in the çhotodetector  and 
thé-«resistance , of the-LCS-relay :and the.re 
sist0r'   0:- Therefore; as the beam oecomes es- 
tablished,thè voltage on.-conductor    riseS. 
e d6»ce.represented by,the rectangle 12:is - 
a ol.tàge-ampl-er hici may be in-the f0rm of. 
aç: coentïonal  vacuu.m, tube veltmeer: 
en it is:enablèd by theconnection of-ground 
to conductor 2: communicates, the- voltage 
changes inthe condùctor:    to-the diffèentiat0r 
 fç: is: is-a:déviCe consiSting essentiall of;a 
smaH:oendenserund a.resistance which-upon--the 
appNcaim of a: voltge, thereto ,,wfil produce a 
sitive snal ,in theform-of, positive impe of 
short: dation,. As, the beam :is moved, to- the. 
photodetector: B- it:is, knowingl: meved sligNtly 
past:- the retrodirective  mirror g2: In orner 
w; the«voltage:of the precision battery con- 
nected-to .conductor.-  8:-is- madë slightly. gher 
than is actually necessary so that as -the bea--iS 
beg.centered the vottage on conductr,    :rises 
d thon- begs: fo: decrease As soon - as -the 
voltage reaches-dts.-peakvalue and: begins, t0 
deerease-the differentiator    generates a .nega- 
tire. signal... These positive: and negaNve signa-ls 
ara,transmitted by, the differentiator,to .the sig- 
nal.,.reversal, counter   to sequentially:energiZè 
the wave form generators  ; 6/ and: 
The generators    and    control the tue:,  
and :the:gçnera.rs:.   ] and   8:controt:the-tube 
2-. These tubes are known as-varible-.g tUes 
and-each responds: to:,the:potential .applfèd 'tò îts 
grid to:cause:a larger, or sma[ler amountoCUr- 
rent. . flow«çitS(:.anode-cathode::.circuit:: e 
anode.:,of:te  ; 9: isconnecte ,condactsr  

and therefore, as, tlie current"increaseS-thçdrop: 
in.the:,resistor   ]ncreaSes.se.that:ttieotëntil. 
of. the- condùctor * 88 therefol-e s0mewhat, de 
creases. Ience, when the rising voltage of.:con- 
: dùctor is commnicated fo the.:wàve fo 
genei'ator    it càuses the potential:of.the  grid 
of-the tube »to fise accordingly, Hence,ïthe 
petential .of. conductor:-  88 is somewhat-reduced 
so that now the eam as contzolled by the element 
ç2: w.hich was,swept almost past the center:pot 
of the-line appearace is now brought  bac: 
swept in the.opposite dirtion, a very.,shor, t :diSa 
tance .past the, center:.point., As the potential:on 
conductor- , therefore, starts to,dècrease the» 
1 differentiator   'sends a negative impose .which. 
operates the signal reversal counter   to'ça- 
fer from the wave form generator" , to: te 
waveform, generator  and this now reduces 
the-potential on the grid of the:tube :$by 
small definite, amount wherèy 'the. tential:of: 
conductor  88 through- the smller  amot: of  
current fiowing toughreSistor  is allowed:to 
rise a smaller and: définite  amount to  exactl- 
cnter the beam. on the line apPearafiee rero-. 
2. directive mirror  . The-change from,a fa]ling 
potential on conduct0r  to a rising:potenil 
now causes- the ffèrentiator  , t0-operate-to 
send another pulse which now enables the-waVe 
form::generator ] so that::in this.:sgm:manner 
3» the'-bám as :controlledNy te:element ,  
tered'in.the oronthl:difecti0n: 
The differentiator 'is a  deviceknëwn- as a.n .C 
pea.këi" anda  dëscripti0n of such-a.dëvicemay be 
f0und in te "Principles ofadar '' a..publicatï0n: 
5 of the.Tëchnol6gy Press-, Màssacet tnstithte  
of,/Tecnology, publisfièd by.the':CGaWHfll 
oek Company, Incorporad; 1946ç pàg:217 
et  se: Refërence may lso be. ruade  in 
volume to pages  3-12' et seq:.der: "Seép 
40 Voltage- Ccuits" and pargcularly toi .eg 
under. "Sweep.Integrating :Circuits'"whëre, mens 
to msùrea cOnStant potenaLat t5e en 
sweep maF be incooràed in the diffrent0r, 
The signal revm'sal counter is«a conventional. 
chain_of counting:tub which-resends ,tothe 
positive and .negative pulses generted :and 
mitted.by .the derentiar,   $: A:refereneeto. 
5, a .device of this nature my-.be :-round in «.volume 
entit!ed "Time ,ses" by O. S: Puckle;,:pblished: 
s;t'.Neç-,.Yo,k b.John WileyandSons,:Inorpo: 
rated. Schmitt's triggerçcircuitpages57,ët:seq«; 
is« a. device" which: wflt operaoE: .the:desired: 
5 mannel': 
Thus as. te: bem is: establishèd:it::is:  aUtoz 
maticlly..centered by.-mea o£'thëSea.m  pêsi 
ti0ning  circuit (Fig:. 4). Wën  tHe verti:al 
rector 2 and the hmdzontal direer 
 ]usted ,%he: beam :So' that .the mamam :effëc- 
te'potodetëctbr 8 is achievedthen 
reversal «counSer  4. coects,.ground,to-thecn « 
O:uctor 22: wHich is- transmitted- through- 
armature 5 and front contact of the TCrelay: 
65 to operatethe clamp magnets and 23. THese 
clamp magnets thereun secure .th:e-rrors 
and- ::i ,the -positions: fo whic-'thy_-have-'been  
moved so ta.t uon the :rek incommùnieati0n 
bet2een= the ]:recisiolt ,battery conn.tëd o 
70 armatures.  aad: :of-'he .CC :relà-8 and te 
beam':direcors«Sl and' 2: the mirrors  
will<be-ma, intained-.iapositi0n se"that:the-dëfled,. 
tiong:oï ¢he-beam wfllremaii-flXed/ 
Ifl-the 10wer part of Fi:)4the aCtimi d'Crië4 
 ha.s-bee ' pictUreifi.he f0rm 
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plotted against rime. The graph of voltage on 
conductor Il! is shown as beginning from the 
rime that the voltage on the conductor t beï 
cornes effective. Af this instant the differentia- 
tor 13 produces a positive pu]se and thereafter 
the generator 5 is in operation. When the 
Voltage then begins to diminish a negative puise 
is.generated and the generator S becomes ef- 
fective. The response of the generator  6 falls 
very quickly and boosts the voltage of the con- 
ductor ! upwardly again whereupon another 
positive Pu]se is produced by the differentiator 
! 3. This action is followed as pictured until the 
maximum voltage is achieved which means the 
maximum light is being received by the photo- 
detector 46. The lowermost graph shows that 
upon the last positive puise produced by the dif- 
ferentiator 3 the conductor 22 is grounded 
which results somewhat later in the operation of 
the claqping magnets 63 and -3. The signal 
reversal Counter 4 also at this rime grounds 
the conductor 24 to operate the main anode 
lay 3 and thus disconnect the main anode po- 
tential from the conductor . This wfll also 
release the IS relay  so that the ground applied 
to the register for enabling it and for enabling the 
number group is removed thus returning these 
devices to normal. 
In connection with these graphs it need be 
noted at the present that the rise of voltage in 
the conductor I! is accompanied by the fise of 
current in the LCS relay winding 9, so that 
this relay responds and by operating its arma- 
ture 3 opens the circuit for the CC relay 
However, and the point fo be mentioned here is 
that, the action of the beam positioning circuit 
ihown in Fig. 4 takes place in a marrer of a 
few hundred microseconds, whereas if takes the 
relay ]9 and thereafter the relay 84 a number 
of milliseconds fo operate so that the impulse 
fo operate the relay 9 and fo release the relay 
4 is coincident with but far longer in point of 
rime than the operation of the beam positioning 
circuit. 
After the beam bas been properly positioned 
and has corne fo full brilliance then the reflection 
of that beam from the retrodirective mirror 
will extend back to the trunk appearance and 
will affect the photodetector 65. This increases 
the current flow therein which may be traced 
from battery through a coil of the hybrid coil 66, 
the ,photodetector 65, the winding of the TLS 
relay {} to ground. When no light strikes the 
photodetector 65 the current flow through the 
relay {} is insuflicient fo cause the operation 
of this relay but as soon as the light beam is 
established the photodetector 65 is energized and 
the increase of current in the relay ]6 is sufli- 
cient to cause its energization. 
Thriugh its armature 3 and front contact the 
TLS relay {} establishes a direct connection to 
the lamp 55 to hold this at full brilliance inde- 
pendent of the thermistor {} during the use 
of the trunk. 
Upon the operation of the TLS relay ?{} the 
TC relay 99 is deenergized and therefore re- 
leases. As the beam cornes to full brilliance and 
the photodetector 46 passes more current the 
relay 9 operates and releases the CC relay 
asdescribed. Relay ]9 connects a source of posi- 
tive battery to the main cathode of the line tube 
 so as fo tender this tube incapable of flring 
if a connection should be directed fo it while the 
line 52 is in use. Gound .is connected through 
the front contact .and armature  of he LCS 
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relay 9 fo maintain the shutter 4S opened during 
the use of the established connection. 
When the subscriber station 52 relinquishes 
the connection the line relay 59 will become de- 
 energized whereupon the LCS relay will release 
and in releasing will release the shutter magnet 
44 so that light from the distant beam will be 
shut off and the reflected beam will be inter- 
rupted and no signal is returned to the photo- 
10 detector 65. The current through photodetector 
65 reduces to the point where the TLS relay 
releases and lamp 55 is extinguished. Thus the 
connection is released 
Means for establishing a connection fo the line 
1 are very roughly indicated. A broken line rec, 
tangle 25 in Fig. 5 shows a trunk register 
which may be set by signals sent over an incom- 
ing trunk to operate a number group 2]. This 
number group li shows three conductors leadr 
2{} ing therefrom to the line tube  so that the tube 
may be fired in a simflar manner fo that de- 
scribed in connection with the trunk tube 69, 
that is, the tens wire may be grounded, the units 
to the short gap may be connected fo a source of 
2 positive potential fo break down this short gap. 
If this happens the hundreds wire connected to 
a longer gap and connected also toa source of 
positive potential will then transfer the electron 
stream within the tube. It may be noted that 
30 this tube wfll select any one of the lines designated 
by the three last digits, the selection of the 
thousands digit may be made between the trunk 
register and. the number group, that is, the trunk 
register may activate one of ten number groups 
35 for this purpose. If the gap between the anode 
connected to the hundreds wire and the cathode 
connected to the tens wire breaks down and 
the line is idle, then an electron stream will be 
established between the main anode  and, the 
40 main cathode $3 and during the operation of 
this tube locking will be provided by the resist- 
ance 6 and the associated inductance. The cur- 
rent then flowing through this circuit operates 
the CC relay $4 and through the agency of a 
4 ringing control circuit 25 the RC relay 5! is 
operated. This locks into operation through the 
back contact of the ringing trip relay 52 so that 
the common control may be dismissed as soon 
as the beam from the incoming trunk appearance 
{} to the line bas been established. As soon as the 
CC relay $ is operated then the precision battery 
terminals characterizing this particular line will 
be connected to the conductors 65 and 69 to 
position the beam in the saine manner as that 
 hereinbefore described. It shou]d be noted that 
in all cases the operation of the connecting relays 
such as the relay 4 and the relay 99 occupy a 
very small interval since the operation of the 
register of the number group and the beam posi- 
6{} tioning circuit is very rapid. 
The ringing control relay is now in operation 
and this may operate over a comparatively great 
length of rime. When the subscriber at station 
52 answers, then the ringing trip relay 2 re- 
6 sponds and this releases the RC relay 5. Im- 
mediately thereupon the line relay { is oper- 
ated to hold the connection in the manne here- 
inbefore described. 
Should the called subscriber at substation 
7{} raff to respond, then the release of the connection 
over the incoming trunk by the release of a 
supervisory relay in that circuit will cut off tlè 
beam and thus release the LCS relay 9. Thë 
LCS relay will open the holdfl]g circuit for th 
7 RC relay  and thus. release the connebi0n ... 



17 

1s 

A variaton of the ¢ircult is showr, Wi¢li- 
2, 4, 6: and 7 arranged as indtcated in. Fig. 11. 
Fig. 2 wîlt differ in this case only in that, the 
secondary start anode marked H (for hundrëds) 
is n0t used. The start cgthode marked T (used 
in making à Call te tl]e -line: 82) tS held at. greünd 
potentihl. Otherwisë,-the opeation of. Fig. 2 is 
eXctly as hereinbef0ze described, The mlï 
difference in this arrangement is the use of an 
elecronic-number group and ïn elect6n-ic busy 
and- idlè test mear*s. These are slovï hï Fig, ,7. 
The circuït Of Fig. 6 is almost the same as the 
ch'cuit o Fig 3 and doEs..onlF in the. -rrane- 
ments for starting ,the. trunk tube. These dif- 
ferences ill be xplained but thë emainder. of 
the:circuit will .be assumed to .operate in .exactly 
the. same manner .as that of Fig. 2. 
In Fig. ? when the subscriber ai substation - 
ismàking , call and. the tube. 8 has .fired thm. 
the. main n0de .ctu'rent-through thë winding 
relay  will operate this relay and  by placi 
ground on.conductor ! ill enable the. register 
. VChen the information sto,ed on the prèset 
dial at ,the substation  is transmitted te the 
register thon..this register will pick out one 
of a number of cathode-ray tubes such,, for 
instance, s: the H tube 3 through the 
eleCtrical selection of the individual grid 
wire. . The cathoderay produced in this 
tube la new directed te a particular one-o one 
hundred dynodes, let us saF that ene connected 
te the individual wire . Ieading te the corre- 
spondingly numbered .trunk in Fig. 6. 
The normal .connections: te. the trunk tub . 
are as follows. The start, cathode of this tube 
isconnected through anature  and back con- 
factor the TLS relay  te a source of negative 
potentiel (--0, volts). The start anode .of. this 
tube is connected through the armature  and 
back contact of the TLS relay S te groUnd 
potentiàl ,tlu'ough a resistor f8. Tlis strt 
anode is,also connected te the wire fS from the 
cathode-ray tube. Let.us assume that th6.potën- 
tïI of a battery Connected te thesecondary c01- 
lecto grids of .the cath0de-ray tubes by conduc - 
ter 9 is +i00 volks. T, lmrefore; when.the.cath- 
oderay iS directed te the dynode c0nnectd, te 
conductor- ! and thetrunk-with.v¢hich the: trunk 
tube- !  is associated is idle the effective Connec 
tionmade between the dyn0de and the-seconda9 ' 
collecter grid. 0 will cause a current te flow be- 
tween the +i00-volt-battery and the .ground po- 
tential at the back contact of armature  of the 
TLS relay 2]. Due to-the resistor 8 the change 
in Iotential at the start anode of the tube-! . i, 
by way of example, frein ground o..say ÷30 volts. 
The corresponding change of. potential on con- 
ductor 9 frein ÷100 volts t0 oe3 volts, there- 
fore, constitutes what may be-termed .a st.r0ng 
puise on conductor !4. Conductor !! is con- 
nected-.n parllel tothetwo tubes !42 and 
such[a-manner that the tube !g2will imme.diÇly 
resp0nd to .a large pulse such as that n0w de- 
scribd. This tube therefore firs and ,th'oigh 
thelock-out connection betweenthe main[n01d#s 
of .the .tubes !42 and !g preVents the tube !g 
frein responding. Due te the connecti0 .of.th¢ 
cndënser ! gd. andthe rsistance !4 the'tube ! 
is, somewhat slow te respond se that before.it, cn 
respond to.this large pulse on conductor |g]iiff is 
locked outthrough the operation of the tube !g2. 
Thus, if the trunk selected is idle the tube !42 
will be flred and the tube !g will romain locked 
out. Due te the flring of tube !42 the conductor 
| g corresponding te conductor !2 in Fig.  will 

be affCtd t0 efiable ,thé beanï-osttinïïig Ciï 
cuit. 
Let Us new assumë that: the trunk is busF . 
that, thore»  S. rlF - iS 0pert. 
5 In. this cas .the star.t ethede o hë tr. tu 
and ë strt n0dë. igheld aç a p0Sitie p0tëtia! 
(oe50- volts, for exampié). Theefr.er 
registër :2 Hs bëen set ad th cathd&y 
lo rected t0 the dyn0d CoeCed  eohdCtb: 
the result wfll b6  small fltse on odCr. 
for te c6nnecion. . 50 vol, through the 
r la8 te. the conducto las wfil p'oducé:.0ya. 
small chauge OE,n. potential as comggred ith, tat. 
15 prodced in the pm0us, cas6. Thé ubë 12-w}ii 
net espond,to Such a all»pue but the ubël 
11 de th.is in tie. herefoë, ,the -tSe 
tire. ad  e Sme ma-nnr WI -loCk ont 
1 2 -Te tube.   w, iI1 now:affC a-conuct0 r . 
0 Which. may be Used in ,the sme ,man, nei  .as ere- 
inbefore described te established a be from :a 
busF t9unk: circuit.. supply busy .ne.t0 .he ¢al%- 
ing subscriber. 
A call in the other direction, .that is; .grOin. 
5 incoming trunk- , .th e caed- subScibe, .ag sub- 
station 2-.wfll bé handled  the saine man-ner,aS. 
described in Fig-.-5» that is, a.,çity ,19: inclqd- 
ing a ,trnk-reister ,8 and an.eltronic-nUmbë 
grouP represend: by the cathode-ray %ube 
ao will be employed W recgive ,and .r¢g,sr/{h9 ïha- 
c0m{ng ident{ficai9n Of-he cÇllèd 
Through th elecroniç nber grop 
ment thon the conductqr . leang., 
te e starç ,anode of the né tube -8 will be 
 fec}e .a_nd the call } tbis sÇbsation 
" In all other respec the opeva%ion o;-tbevg! 
eus device are th9 sam, e as de@cribed 
tiQn t the vangÇent pf .figures sh0wn 
40 What is clg{med is,: 
1. A eam .siçDg telecQmm$catiD 
tem copçising , pluray Of .subsçribeçs' 
d- a e a ,a .stan pint, a beam 
individuál t0 each S.aid ,sUbscr:ibrS" lë, gl. 
da refiecor C0mist o* .he Suffac.çs 
the !ngersgctign. Qf tge mutua pepend!c,a- 
reflecti, surfaces, a ght seive dçîce f0#,d 
on one 0f said refiecting sRrfageS n.repo.Ç 
te the modUlati0n& Of a lght .beam doeecteg to. 
o* the said. reecting. ,sf.ac9s,.fq 
ght- bem refiet, bY s, fieptw-, a 
seiive device, and ad brng  ma. 
connected to the Sd.:sbçrer's le 
coming be.m !gnls to elecrcl. igats. ,and. 
otgpg ¢lectrical s.ignls .to :beam .signa:ls,,.and 
means ndidual .to said line :# « distant 
for selectiv¢ly diecting a beam, towad he 
0 flector of a-desired oneoç.said subscibers  lis; 
said distant .point mea' also inclung :a  light- 
sensitive deVice, and a-light contmlng: device 
coected o,safiline theea. 
2. A. beam switchg elecommigtioi 
65 tem .comprising..a pluality ofsubscibeçs' S 
a beam,-:eeefiecr individuel to ach,saI line saifi 
reflectm: consistingOfhe sdface contlgus5: 
a int deflèd 'bY-h inereciOn o 
70 mutual-lF r-pendicuar .reflecting surfape; 
light sensitive devIce mOunted in coorative 
relationship with each said refiector and respon- 
slve to a fraction of a beam rected into said 
reflecr, a light contmlling device interposed 
5 the path of a beam refiected by said reflr, said 
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light sensitive device and said light controlling 
device being cormected te the said subscriber's 
line te which said reflector is individual for trans- 
lating incoming beam signais te electrical sig- 
nals and outgoing electrical signals te beam 
signals, a link circuit ata distant point including 
a pair of devices each including means for di- 
recting a .beam toward one of said reflectors, a 
light sensitive device and a light contro]ling de- 
vice connected te a line thereat whereby a con- 
nection may be extended between two of said 
lines by a pair of beams each directed te one of 
said lines by said link circuit, a line circuit for 
each of said lines, means included therein for 
identifying itself and subscriber operated means 
for identifying another line te which a connec- 
tion is te be extended, a common control means 
responsive te said identifying means, and means 
under control of said common control circuit foi" 
controlling the said beam directing means of said 
link circuit. 
3. A beam swiichini telecommunication sys- 
rem comprising a switching room, a plura]ity of 
subscribers' lines, apparatus individual te each 
of said lines mounted at regularly spaced inter- 
vals on one wall of a switching room, each said 
line apparatus including a beam reflector con- 
ststing of the surfaces centiguous te a point de- 
fined by the intersection of three mutually per- 
pendicular reflecting surfaces, a photodetector 
mounted te intercept a fractional portion of a 
ltght beam directed into said reflector, a light 
modulating device mounted in the path of a beam 
reflected from said reflector and mea.ns for 
blocking a beam into and out of said reflector, 
a plurality of other line circuit apparatuses 
mounted on a distant and para]lel wall of said 
switching room, a light modulating device in the 
path of said beam, a photodetecter mounted te 
be in the path of and responsive fo a beam re- 
fiected from a distant beam reflector and a pair 
of beam directing devices, a soin'ce of light fer 
establishing a beam and a thermistor in series 
therewith for delaying the establishment of said 
beam, each said line apparatus being character- 
ized by a predetermined signal which communi- 
cated te said beam directors will cause a beam 
established te be directed te said line apparatus, 
satd thermistor consisting of a circuit element 
responsive te cm'rent therethrough te limit the 
rate of increase of the said current te delay the 
establishment of a said beam until said beam 
bas been directed te said line apparatus whereby 
the.sweeping of an established beam over other 
line appearances wfll be avoided. 
4. A .beam switching telecommunication sys- 
rem comprising a switching chamber, a plurality 
of subscribers' lines each terminating in a line 
apparatus mounted on the surface of one wall 
of a switching chamber, each said line apparatus 
including a beam refiector consisting of the sur- 
faces contiguous te a point defined by the inter- 
section of three mutually perpendicular reflect- 
ing surfaces, a receiver consisting of a photo- 
detector mounted te intercept a fractienal por- 
tion of a beam directed into said reflector, a 
transmitter consisting of a light modulator 
ranged in the path of a beara reflected from said 
reflector, a beam intercepting device in the path 
of a beam entering and leaving said refiector 
responsive te the subscriber's use of said line, and 
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a plurality of. other line apparatuses mounted on 
an opposite and parallel wall of said switching 
chamber, each having a beam establishing and 
directing means, a beam modulating transmitter 
j in the path of a beam established thereat and a 
photodetecter mounted in the path of and re- 
sponsive te a beam refiected from a distant. 
reflector, certain of said other line apparatuses 
beinr connected te special signal sources, means 
10 fer selecting a desired one of said other line 
apparatuses, and means responsive te the .busy. 
condition thereof for automatically activating 
one of said specia] signal line apparatuses. 
5. A beam switching telecommunication sys- 
l rem comprising a switching chamber c.onsisting 
of an enclosed space having beam establishing 
and beam pointini devices arrayed on one surface 
thereof and corner reflectors arrayed on an op- 
posed surface thereof, each said beam establish- 
20 ing device consistini of a beam source and hav- 
ing mounted in cooperative relationship there- 
with a pair of beam defiecting mirrors each 
mounted on electro-responsive movini means for 
directing said bëam in selected directions, a beam 
25 modu]ating means interposed in the line of said 
established beam and a photodetector mounted 
te intercept a reflection of said beam, a com- 
munication channel individual te each said beam 
establishing  device interconnected with said 
0 modulating means and said photodetector for 
transmitting signals from and receiving signals 
inte satd communicatien channel, each satd 
corner reflector having individual thereto a beam 
modulating means interposed in the line of a 
35 beam directed into said refiector and refiected 
therefrom, a phetodetector mounted te receive a 
portion of a beam directed inte said reflector, a 
communicatien channel individual te each satd 
corner refiector interconnected with said modu- 
4o lating means and said phoodetector for trans- 
mitting signals over a beam reflected .by satd 
corner reflecter and for receiving signals over a 
beam directed inte said corner reflector, each 
said communication charmel being electrlcally 
and separate]y identLfled and means for com- 
4 municating the said electrical identification of a 
said communication channel te a distant beam 
establishing device for controlling the said beam  
deflecting mirrors thereat te point a beam there- 
frein te said identified associated cerner reflector. 
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